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CONTACTLESS DETECTION CELL 

BACKGROUND OF THE INVENTION 

The present invention relates to a contactless detection cell for detecting an 
electrical property of one or more sample compounds in a flow path, to a 
5 separation system comprising a contactless detection cell, and to a method for 
increasing the sensitivity of a contactless detection cell. 

Contactless detection of an electrical property of sample compounds has 
become an important alternative to optical detection techniques. For example, 
in the field of analyzing ions in liquid samples, contactless conductivity 
10 detection (CCD) has become a competitive technique. The present invention 
can be applied to contactless detection of any electrical property. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide an improved contactless detection of 
an electrical property of one or more sample compounds in a flow path. The 
15 object is solved by the independent claims. Preferred embodiments are shown 
by the dependent claims. 

According to embodiments of the present invention, a contactless detection cell 
for detecting an electrical property of one or more sample compounds in a flow 
path is provided. The contactless detection cell comprises a transmitter 
20 electrode adapted for capacitively coupling an AC current into a detection 
channel of the flow path, and a receiver electrode adapted for receiving the AC 
current that has been coupled into the detection channel. An inner cross- 
section in at least a section of the detection channel is different than an inner 
cross-section of the flow path towards the detection channel. 

25 When the inner cross-section in at least a section of the detection flow path is 
varied independently of the dimensions of the preceding flow path, it is 
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possible to optimize the geometry of the detection channel according to the 
needs imposed by the respective contactless detection technique. 

There exist a variety of different parameters that describe the behaviour of a 
contactless detection cell. According to embodiments of the present invention, 
5 one or more of said parameters can be affected by adjusting the geometry of 
the detection channel. One important parameter is the separation power of the 
contactless detection cell, which determines the resolution of the obtained 
results. A further aspect is cross-talk between the transmitter electrode and the 
receiver electrode, which impairs the quality of the obtained results or spectra. 
10 Cross talk occurs if the AC field emitted by the transmitter electrode is directly 
received by the receiver electrode, without passing through the sample volume. 

Another important parameter is the detection cell's sensitivity. A detection cell 
with high sensitivity allows detecting small concentrations of sample 
compounds. The more sensitive the cell is, the smaller the respective limits of 
15 detection (LODs) for the various compounds will be. Sensitivity is closely 
related to the signal-to-noise ratio of the measurement, whereby a large signal- 
to-noise ratio corresponds to a high sensitivity. 

By choosing the inner cross-section of at least a part of the detection channel 
independently of the preceding flow path's cross section, an additional degree 

20 of freedom is gained. This additional degree of freedom can e.g. be used for 
improving any property of the detection cell, for example for at least one of: 
increasing the separation power, improving the signal-to-noise ratio, reducing 
cross talk, etc. Besides that, this additional degree of freedom might as well be 
used for modifying any other property of the detection cell that has not been 

25 mentioned yet, in order to improve the detection cell's properties in a given 
context 

According to a preferred embodiment of the invention, the resistance of the 
sample volume in the detection channel is increased by lowering the inner 
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cross section of the detection flow path between the transmitter electrode and 
the receiver electrode. By narrowing the detection channel, the sample vo lume 
is stretched and spread out, and its resistance is increased. As a consequence, 
variations in resistance caused by the various sample compounds are 
5 enhanced and can be monitored more precisely. The signal-to-noise level is 
increased, and the detection cell's sensitivity is improved. Furthermore, by 
narrowing the detection channel, the analyte's resistance becomes the most 
significant contribution to the overall impedance measured between the 
electrodes. 

10 In another embodiment of the invention, the transmitter electrode and the 
receiver electrode are arranged in an axial geometry. In case the detection cell 
volume is kept sufficiently small, the axial approach allows to record the 
analyte bands with good resolution. 

According to a preferred embodiment, the transmitter electrode and the 
15 receiver electrode are separated by a distance that is sufficiently large for 
reducing or even avoiding distortions related to cross-talk. On the one hand, by 
increasing the distance between the electrodes, the amount of cross-talk can 
be reduced. On the other hand, by increasing the distance between the 
electrodes, the detection cell's volume might be increased as well, and as a 
20 consequence, the resolution of the obtained measurements might be lowered. 
However, by reducing the inner cross section, the detection cell volume can be 
kept small without bringing the electrodes too close together. Hence, it is 
possible to provide a detection cell with a small detection cell volume and with 
electrodes that are axially spaced apart by a rather large distance. As a result, 
25 the detection cell has low susceptibility to cross talk and yields high-resolution 
measurements. 

According to a preferred embodiment of the invention, the inner cross-section 
of the detection channel is kept small throughout the detection channel. Within 
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the entire detection channel, the inner cross-section is constant. This might 
e.g. be advantageous from a manufacturing point of view. 

According to an alternative embodiment, the inner cross-section of the 
detection channel is axially varied in a way that, at the locations of the 

5 electrodes, its inner diameter is large, whereas between the electrodes, its 
inner cross-section is small. Thus, an hour-glass shaped detection channel is 
obtained. This geometry might a Iso be referred to as an "inverted bubble". By 
increasing the inner diameter at the sites where the ring-shaped electrodes are 
located, the capacitive coupling between the transmitter electrode and the 

10 sample is improved, and the capacitive coupling between the receiver 
electrode and the sample is imp roved as well. Together with the sample, the 
respective electrode represents a capacitance. By increasing the inner 
diameter of the detection channel at the locations of the electrodes, the 
effective "surface" of the respective capacitance is increased, while the 

15 distance between the sample an d the electrode is decreased. As a result, the 
respective capacitances are increased. Due to the improved capacitive 
coupling, the resistance of the sample between the electrodes can be 
measured more accurately, becsuse it provides the major contribution to the 
total (complex) impedance between the electrodes. 

20 In a preferred embodiment, the detection channel is implemented by means of 
a capillary with a reduced inner cross-section in the portion between the 
transmitter electrode and the receiver electrode. One common way of realizing 
a migration flow path is to use a glass capillary. 

In a preferred embodiment, between the transmitter electrode and the receiver 
25 electrode, the inner diameter of the capillary is equal to about 0.1 pm to 200 
pm, further preferably 1 .0 pm to 20 pm. Between the electrodes, the ratio of the 
capillary's outer diameter to the capillary's inner diameter is equal to about 1 .1 
to 50, preferably 1 .5 to 10. 
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According to an alternative embodiment of the invention, the detection channel 
shape is implemented using microstructuring technologies as common for 
making microfluidicchip devices. Such microstructuring technologies might e.g. 
include etching, laser ablation, direct molding. Using these techniques, the 
5 detection channel can be shaped with high precision. Microsystem 
technologies allow for an accurate positioning of contactless electrodes relative 
to the detection volume. In yet another preferred embodiment, the detection 
channel is implemented as a part of a microfluidic chip device. 

In a further preferred embodiment, the electrical property is at least one of: 
10 conductivity, complex conductivity, impedance, resistance, reactance, relative 
permittivity. When an analyte band passes through the detection cell, any of 
these electrical properties might be modified. Hence, by monitoring the 
respective electrical property, it is possible to detect the respective analyte 
band. In particular, the detection cell might e.g. be adapted for detecting 
15 conductivity of the sample compounds. In this case, the detection cell is 
commonly referred to as a contactless conductivity detection (CCD) cell. The 
present invention is not limited to CCD detection, though. 

According to a preferred embodiment, the one or more sample compounds 
have been separated in a preceding separation flow path. First, the various 
20 sample compounds are separated as they migrate through the separation flow 
path. Then, the analyte bands can be analyzed by the detection cell. 

According to another preferred embodiment, the inner cross-section of the 
detection channel is smaller than the inner cross-section of the flow path 
towards the detection channel. In the separation flow path, it might be 
25 advantageous to use a large-bore capillary, because a large-bore capillary 
provides a sufficient sample loading capability. A large-bore capillary allows to 
inject a well-defined sample plug of sufficient volume into the separation flow 
path. However, in the detection flow path, it might be advantageous, especially 
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with regard to cross talk, sensitivity, separation power, etc., to utilize a capillary 
with a rather small inner diameter. 

According to an alternative embodiment, the inner cross-section of the 
detection channel might as well be greater than the inner cross-section of the 
5 flow path towards the detection channel. 

A separation system according to embodiments of the present invention 
comprises a separation flow path adapted For separating sample compounds of 
a given sample, and a contactless detection cell of the type described above. 

According to a preferred embodiment, the separation system is at least one of: 
10 an electrophoresis system, a liquid chromatography system, an 
electrochromatography system, or a combination thereof. The contactless 
detection cell can be used together with each of these techniques. 

In a preferred embodiment, the separation system is employed for ion analysis. 
The presence of ions or ionizable compounds in the sample modifies the 
15 conductivity of the sample, and for this reason, contactless detection, in 
particular CCD, is well-suited for detecting analyte bands that correspond to 
different types of ions or ionizable compounds. Ion analysis might e.g. be 
employed for analysing beverages (beer, vrine, mineral water, juice, etc.), for 
analysing cooling water of a power plant, ^tc. 

20 Furthermore, embodiments of the present invention relate to a method for 
increasing the sensitivity of a contactless d etection cell, with said detection cell 
being adapted for detecting an electrical property of one or more sample 
compounds. The detection cell comprises a transmitter electrode adapted for 
capacitively coupling an AC signal into a detection channel and a receiver 

25 electrode adapted for receiving an AC response signal in response to the AC 
signal that has been coupled into the detection channel. The method 
comprises a step of reducing, in at least a section of the detection channel, the 
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inner cross-section of the detection channel relative to the inner cross-section 
of the flow path towards the detection channel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and many of the attendant advantages of the present invention 
5 will be readily appreciated and become better understood by reference to the 
following detailed description when considering in connection with the 
accompanied drawings. Features that are substantially or functionally equal or 
similar will be referred to with the same reference sign(s). 

Fig. 1 shows a measurement set-up comprising a contactless detection 
10 cell; 

Fig. 2 shows a detection flow path according to a first embodiment of the 
invention; 

Fig. 3 depicts three electropherograms that have been recorded for three 
different inner diameters of the detection channel; 

15 Fig. 4 shows a detection flow path according to another embodiment of the 

invention; and 

Fig. 5 shows an equivalent circuit of a contactless detection cell. 



DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

20 In Fig. 1, a measurement set-up comprising a contactless detection cell is 
depicted. The contactless detection cell 1 is adapted for detecting compounds 
that have migrated through a preceding separation flow path 2, whereby the 
separation flow path 2 might e.g. be part of a capillary electrophoresis (CE) 
system, or of a liquid chromatography (LC) system, etc. The contactless 

25 detection cell 1 comprises a transmitter electrode 3 that is adapted for applying 
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an AC field to the detection volume 4, and a receiver electrode 5 that is 
adapted for detecting the AC current that passes through the detection volume 
4. The transmitter electrode 3 and the receiver electrode 5 are arranged in an 
axial geometry, which means that they are spaced apart by a certain distance 
in the direction of the flow. The transmitter electrode 3 is connected to a high 
frequency (HF) AC power supply 6 that provides a HF AC voltage signal 7 to 
the transmitter electrode 3, whereby the frequency of the HF AC voltage might 
e.g. range from several kHz to several hundred MHz. The amplitude of the HF 
AC voltage signal is determined by a control voltage 8 that is input to the HF 
AC power supply 6. 

The receiver electrode 5 is connected to a current/voltage converter 9, which is 
adapted for converting the received AC current into a corresponding voltage 
signal. This voltage signal is provided to a rectifier and filter unit 10. At the 
output of the rectifier and filter unit 10, an analogue DC signal 11 is obtained, 
15 with said DC signal 11 indicating the conductivity of the detection volume 4. By 
means of an analogue/digital converter 12, the analogue DC signal 11 is 
converted into a corresponding conductivity read-out 13. 

Fig. 2 shows the geometry of a contactless detection cell according to an 
embodiment of the present invention. In Fig. 2, a part of the separation flow 

20 path 1 4 is shown together with a contactless detection cell 1 5. The contactless 
detection cell 1 5 comprises a transmitter electrode 1 6 that is implemented as a 
ring-shaped electrode. The ring-shaped electrode and the solute form a 
capacitance, and via said ring-shaped electrode, an AC current can be 
capacitively coupled to the solute. The receiver electrode 17 is axially 

25 separated from the transmitter electrode 16 by an axial distance L. The 
receiver electrode 1 7 is also realized as a ring-shaped electrode, with said 
ring-shaped electrode and the solute forming a capacitance. The receiver 
electrode 17, which is capacitively coupled to the solute, may receive and 
detect an AC current that has been coupled to the solvent via the transmitter 
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electrode 16. 

By recording electrical properties of the solvent as a function of time, it is 
possible to detect the various different analyte bands. The separation power of 
the contactless detection cell 1 5 is mainly determined by the detection volume 
5 encompassed between the tra nsmitter electrode 1 6 and the receiver electrode 
17. Of course, one might think of bringing the two electrodes rather close 
together, in order to improve the resolution. However, if the electrodes are 
brought within close proximity of each other, a phenomenon referred to as 
cross talk will deteriorate the obtained signal. Cross talk occurs if the AC field 
10 emitted by the transmitter electrode is directly received by the receiver 
electrode, without passing through the sample volume. 

The following example calculation will help to understand how the half-width of 
an analyte band that migrates through the separation flow path can be 
determined. The axial dispersion due to diffusion, s 2 , is given by the formula 

15 s 2 = 2Dt 

with D being the diffusion coefficient, and with t being the migration time. 
Typical diffusion coefficients of medium-molecular analytes range from 2x1 (T i0 
mV 1 to 5x1 0" 10 mV\ and typical migration times range from 30s to 100s. 
When the lower limits of these ranges are inserted into the above equation, the 
20 axial dispersion of the analyte band is obtained as s 2 = 1.2x 10" 8 m 2 . In case a 
Gaussian shape of the analyte band is assumed, the half-width p of the analyte 
band can be expressed as p = 2.35 s « 0.25 mm. 

This result shows that for detecting the analyte bands with good resolution, the 
two electrodes of the detection cell have to be moved very close together. 
25 However, if the electrodes are moved that close together, cross talk will occur, 
which means that the HF field emitted by the transmitter electrode will be 
directly coupled to the receiver electrode, and the detected AC signal will be 
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disturbed. 

According to embodiments of the present invention, at least in a part of the flow 
path between the two electrodes, the inner diameter of the detection flow path 
is reduced. As a consequence, the detection cell volume is decreased without 
5 bringing the electrodes too close together. 

In the embodiment shown in Fig. 2, the inner diameter ID D et of the detection 
flow path is considerably smaller than the inner diameter ID S ep of the preceding 
separation flow path. Between the two portions of the flow path, a shoulder 18 
is formed. The rather small volume of the detection cell allows to separately 

10 detect each of the analyte bands with sufficient resolution. By reducing the 
detection cell volume, the separation power of the instrument is improved. The 
transmitter electrode 16 and the receiver electrode 17 can be placed 
sufficiently far apart from each other to avoid - or at least reduce - cross talk 
between them, whereby the detection cell volume still remains sufficiently small 

15 for obtaining a good resolution. 

There is still another reason why the distance L between the transmitter 
electrode 16 and the receiver electrode 17 should not become too small. The 
AC current that passes through the detection cell tends to heat up the detection 
cell. Therefore, cooling facilities have to be provided, in particular at the portion 
20 of the detection flow path between the transmitter electrode 1 6 and the receiver 
electrode 17. In this respect, it is advantageous if the distance L between the 
two electrodes does not become too small. 

As the inner diameter ID S et of the separation flow path 14 is rather large and 
exceeds the inner diameter ID D et of the detection flow path, it is possible to 
25 inject a sample plug of considerable volume into the separation flow path, 
whereby said sample plug does not spread too much in the axial direction. 
With IDsep > IDdeti a superior definition of the injection plug is obtained. The 
sample-loading capability of the large-bore capillary of the separation flow path 
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can be combined with the superior separation power and sensitivity of the 
narrow-bore capillary that is employed in the detection flow path. 

The separation flow path and the detection flow path can be implemented by 
means of a glass capillary having two different inner cross sections. The inner 
5 diameter ID D et in the portion of the detection cell might e.g. be equal to 50 pm, 
while the glass capillary's outer diameter OD might be as large as 360 pm, in 
order to avoid disruptive discharge (or HV breakdown). 

Instead of utilizing a glass capillary, the electromigration channel and the 
detection flow path might as well be realized by means of a microfluidic chip 

10 device. The microfluidic chip device allows for more convenient ways of 
shaping the geometry of the flow path. Microfluidic chips commonly comprise 
two or more substrates that are arranged in a sandwich layer structure. The 
structure can e.g. be crafted by etching, laser ablation or by direct molding. 
Then, the different substrates are annealed or bonded. Microsystem 

15 technologies allow for a precise positioning of the electrodes relative to the 
detection channel. 

Another important property in the field of contactless detection is the signal-to- 
noise ratio of the recorded signal. The signal-to-noise ratio is a measure forthe 
system's sensitivity, whereby a large signal-to-noise ratio corresponds to a 
20 high sensitivity. In Fig. 3, three different electrophoresis contactless 
conductivity detector traces are shown. In the following, the measuring 
conditions are given in more detail: 



Buffer: Agilent Basic Anion Buffer (PN 5064-8209) 

Sample: Phosphate 100 mg/l, 

25 Carbohydrates 200 mg/l each, 

others 50 mg/l each 

Preconditioning: 4 min at run buffer 

Capillary: fused silica 

Injection: 400 mbar*s 

30 Temperature: 30°C 

Voltage: -20 kV (reversed polarity) 
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Current: -36 |jA 

Detection: CCD Data Rate 2 Hz 

The respective CCD signals are depicted as a function of time, whereby curve 
5 19 corresponds to an inner diameter of 75 pm, whereby curve 20 relates to ID 
= 50 [jm, and whereby curve 21 has been recorded utilizing a capillary with an 
inner diameter of 20 pm. In order to simplify the comparison of the respective 
signal-to-noise ratios of curves 19, 20, 21, the curves have been individually 
scaled in a way that their respective noise levels have been brought to one 
10 common value. An offset is added to bring these traces inside a common 
window. 

The electropherogram that has been recorded for a narrow-bore capillary (ID = 
20 pm) shows the largest peaks, whereas the electropherogram obtained for 
the large-bore capillary (ID = 75 pm) comprises peaks of a relatively small 

15 height. By utilizing a detection flow path with a small inner diameter (ID = 20 
Mm), an excellent signal-to-noise ratio can be achieved, whereas a capillary 
with a large inner diameter (ID = 75 \im) leads to a signal-to-noise ratio that is 
considerably smaller. The conclusion is that by reducing the inner diameter 
within the detection flow path, or within parts thereof, it is possible to improve 

20 both the separation power (resolution) and the sensitivity (the signal-to-no ise 
ratio) of the contactless detection. Though the absolute amount of the 
respective sample compound encompassed between the two electrodes 
becomes smaller when the inner diameter is reduced, a superior signal qua lity 
is obtained. 

25 The increase in sensitivity can also be expressed in terms of the limit of 
detection (LOD), which is defined as the minimum concentration of a certain 
substance that allows to distinguish the corresponding measurement peak from 
the underlying noise level. By reducing the inner diameter of the detection flow 
path, the limit of detection for the respective sample compound is decreased. 
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Fig. 4 shows another embodiment of the present invention. Sample compounds 
that have migrated through a separation flow path 22 are subsequently 
analyzed by a contactless detection cell 23. Between the electrodes 24, 25, the 
inner diameter ID D et of the detection channel is reduced relative to the inner 
5 diameter ID S ep of the preceding separation flow path 22. Thus, the volume of 
the detection cell volume 26 is decreased without reducing the distance 
between the two electrodes 24, 25. By decreasing the detection cell volume 26, 
both resolution and sensitivity of the contactless detection cell can be 
improved. Furthermore, at the sites 27, 28 of the flow path where the 
10 electrodes 24, 25 are located, the respective inner diameters ID C i and 1D<2 are 
increased relative to the inner diameter IDdet in the section of the flow path 
between the electrodes 24, 25, and an hour-glass shaped geometry of the 
detection cell is obtained. In this respect, the embodiment shown in Fig . 4 
differs from the embodiment of Fig. 2. 

15 Because of ID C i > IDdet , the capacitance Ci formed by the ring-shaped 
electrode 24 and the sample is increased, and as a consequence, the 
capacitive coupling between the electrode 24 and the sample is improved, 
Accordingly, because of IDc2 > ID D et , the capacitance C 2 formed by the ring- 
shaped electrode 25 and the sample is increased as well. The arrangement 

20 shown in Fig. 4 can be seen as a first complex conductivity X C1 = that 

i-co-C-i 

is connected in series with a resistance R of the sample volume between the 

electrodes, and with a second complex conductivity X c2 = : , whereby o) 

i-0)-C2 

denotes the frequency of the AC signal. By increasing Ci, C 2l the contribution 
of the resistance R is enhanced relative to X C i, Xc2. This allows to track 
25 changes dR of the resistance R, which might be due to analyte bands that pass 
through the detection cell, with an improved accuracy. 

In Fig. 4, the inner diameter ID S ep is equal to ID C i and IDc2. It has to be pointed 
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out that the inner diameter ID S ep of the separation flow path can be chosen 
independently of the inner diameters ID C i and IDq. The inner diameter ID S ep of 
the separation flow path might as well differ from ID C i and IDc2. 

Fig. 5 shows an approximate equivalent circuit of a contactless detection cell. 
5 In principle the capacitive coupling of both electrodes, the transmitter electrode 
and the receiver electrode, to the real electrolyte resistance in the detection 
channel forms a spatially distributed RC network. Such spatially distributed 
structures are difficult to analyze precisely, therefore we assume that resistivity 
of the sample in the detection channel can be equidistantly divided into a 

10 number of segments forming individual resistors, R1 -R6. All the resistors are 
connected in series. The coupling of the transmitter electrode and the receiver 
electrode with the solution in the detection channel is modeled by means of a 
set of capacitors, C1-C8. Rg is the resistor, which represents the resistivity of 
the sample placed between the transmitter electrode and the receiver 

15 electrode. A possible capacitive crosstalk between both electrodes is modeled 
by the capacity Cv. Further, U is the voltage of a high frequency AC power 
supply. The receiver 29 reads the electric current sensed by the receiver 
electrode. 

Such equivalent circuit (possibly using division of the separation channel into 
20 more segments) allows with sufficient precision a complete calculation of all 
complex currents in all loops, as well as the current sensed by the receiver. 
This enables optimization of the geometry and other parameters of the 
contactless detection cell. 
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